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Description 

Jhe jnyention relates to a composition for delayed release of an active substance in a target environment, the active 

substance being incorporated in a polysaccharide matrix. 
5 Compositions for delayed release of an active substance, for example for delayed release of an enzyme for oral 
administration in the gastrointestinal tract of a mammal, have advantages, inter alia because the administration of the 
active substance can take place in a small number of doses and because a more constant concentration Ts obtained in 
the target environment. 

Compositions for delayed release are known in diverse forms. One form of delayed release can comprise the pres- 
to ence of a matrix containing the active substance therein, which matrix slowly dissolves in the aqueous environment and 
thus releases the active substance in a delayed manner; a composition of this type is. for example, disclosed in Euro- 
pean Patent Application EP-A-241 179. A composition of this type in which the matrix is formed by a natural polysac- 
charide such as xanthan is disclosed in International Patent Application WO-A-87,0521 2. According to a variant thereof, 
the active substance is packaged in an insoluble capsule which is provided with a water-soluble stopper, as disclosed. 
15 inter alia, in British Patent Application 2,241 ,485. 

Another form of a composition for delayed release is a composition from which the active substance is released by 
erosion, as is disclosed, for example, in European Patent Application EP-A-381 182. 

Compositions for delayed release in which the matrix material is a p-glucan. such as cellulose or a cellulose deriv- 
ative, are disclosed, inter alia, in International Patent Application WO-A-88, 10284 and Netherlands Patent Application 
20 87,02294 (=GB-A-2. 1 95,893). The use of heat-modified starch as the matrix for the controlled release of medicaments 
for oral administration is described by J. Herman and J.R Remon. Int J. Pharmaceutics, 56. 51-63 and 65-70 (1989). 

The known compositions for the delayed release of an active substance frequently have the disadvantage that 
release is possible only for substances dissolving in the environment or effectively diffusing through the matrix material. 
Furthermore, the active substance of the known compositions does not normally proceed in accordance with an ideal 
25 zero order rate, that is to say with a constant amount per unit time, but in accordance with a first order rate, that is to 
say with an amount which decreases per unit time, or poorer; in addition, the materials used as matrix are often expen- 
sive. 

The object of the invention is to provide a composition, and a method for the preparation thereof, which releases 
an active substance in a delayed manner and within a predetermined period of time, which further is harmless to health 
30 and/or the environment and which, moreover, is economical in use. The composition should especially be suitable for 
delayed release of active substances having a high molecular weight, which moreover are sensitive under certain con- 
ditions, such as a low pH or at increased environment temperatures. 

This object is achieved by means of a composition according to the invention which to this end is characterised in 
that the matrix material in which the active substance is incorporated comprises an essentially crystalline straight-chain 
35 glucan and a glucan-degrading agent, the glucan is preferably an a-glucan and in particular an a-1 ,4-glucan and pref- 
erably has essentially a helical structure. 

An a-1 ,4-glucan is understood to be an essentially straight-chain polysaccharide which is composed of anhydro- 
glucose units which are linked to one another by ct-bridges via the 1 -position and 4-position. Other straight-chain glu- 
cans (polysaccharides) can also be used if these are able to assume a spiral-like structure, such as. for example. 0-1 ,3- 
40 glucans. 

Suitable a-1 ,4-glucans are in general starch fractions and starch derivatives. The a-1,4-glucan can, for example, 
be an amylose. Amylose is a straight chain of a-1 ,4-anhydroglucose units which has a degree of polymerisation (DP) 
of the order of 100 - 1 .000. One form of amylose is so-called amylose V (Avebe). an amylose which has an amorphous 
structure and is precipitated from an aqueous solution by magnesium sulphate. Preferably, use is wade of a product 

45 having a crystalline structure which can be derived from amylose V. This so-called helical amylose or crystalline amy- 
lose can be obtained from amylose by dissolving in water and complexing with a complex-forming agent such as 1 -buta- 
nol. after which the complex-forming agent can be removed by careful spray-drying or by treatment with a suitable 
solvent, such as ethanol, methanol or acetone. The fractionation of amylose using complex-forming agents is described 
by W. Dvonch et al., J. Am. Chem. Soc. 72. 1748-1750 (1950) and S. Lansky et al. ibid, 71, 4066-4075 (1949). 

so The crystalline and/or helical amylose to be used in the compositions according to the invention can also be 
obtained directly from starch, in a similar process using a complexing agent, further including washing the complex to 
remove amylopectin. 

Suitable complexing agents for preparing crystalline, helical amylose by precipitating amylose from an aqueous 
solution are known in the art. They include 1,1,2,2-tetrachloroethane, cyclohexane. 1,1,1- and 1,1,2-trichloroethane, 
55 benzene, chloroform, fluorobenzene, o-xylene, 2,3-dimethylbutane, C 3 -C 8 alcohols and phenols, such as butanol, amyl 
alcohol, cyclohexanol, hexanol and 2-octanol, isopropyl ketone, quinoline, chloral hydrate, butyric acid etc. See e.g. J. 
Muetgeert, Advances in Carbohydrate Chemistry, Vol. 16 Ed. Melville, Wolfrom, Acad. Press (1961). 

Derivatives which are obtained by debranching branched glucans. in particular amylopectins, are also suitable. To 
this end the a-1, 6 bonds of amylopectin are broken, preferably enzymatically (see Kobayashi, S. et al.. Cereal Chem. 
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63, 71 -74 (1 968) and Netherlands patent 160.61 5) with the formation of amylodextrin, a straight-chain dextrin.This has - 
a chain length (DP) of the order of 15 - 75. with a maximum between 15 and 25 and a maximum between 45 and 75 
Amylodextrin, like the amylose V helix, occurs in the helix form with approximately 6 to 7 anhydroglucose units per wind- 
ing. " ~ " 

The crystalline a-1,4-glucans suitable for use in the present compositions can be distinguished from unsuitable 
types of glucans by their infrared spectrum. The crystalline amylose and amylodextrin, just like cyclodextrin, have sharp 
absorptions at about 1 150, 1080 and 1020 cm 1 , whereas amorphous amylose only exhibits broad or undistinguished 
absorptions at these frequencies. 

The glucan-degrading agent is chosen as a function of the intended use of the composition. If used for release in 
the digestive tract of mammals, including man, the degrading agent is preferably an amylase and in particular ct-amy- 
iase, an enzyme which normally cleaves starch. Thus the composition can pass the acid conditions of the stomach with- 
out hindrance, whereafter, under more neutral conditions, the glucan is degraded and the active substance is gradually 
released. 

Surprisingly, it has been found that tablets and other administration forms which comprise such crystalline straight- 
is chain glucans as matrix-forming material in combination with a glucan-degrading agent, are subject to little or no disin- 
tegration under certain conditions and can still disintegrate under other conditions. It is also surprising that the admin- 
istration forms suffer little or no attack by externally present a-amylase. for example in the gullet, or by acid either. In 
addition, the tablets are found to be resistant to breaking and often more resistant to breaking than microcrystalline cel- 
lulose (for example Avicel®). 

20 Preferably, the matrix material contains at least 5 % by weight of water. If the material contains less than 5% of 
water, a usable release pattern is obtained but the strength is then no better than that, or even worse than that, of micro- 
crystalline cellulose. Preferably, the material contains no more than 25 % by weight and more preferably no more than 
20 % by weight of water. In particular, the matrix material contains 7-1 6 % by weight of water. 

In addition, the matrix material can contain other fillers and auxiliaries. Thus, the presence of amylose not having 
25 a helix structure up to a content of. for example. 40 % by weight does not interfere. Many types of starch contain about 
25 % of amylose and this therefore does not have to be removed if the starch is used as starting material for the matrix- 
forming material. Usable auxiliaries are the auxiliaries known per se for compositions of active substances, such as 
lubricants, for example magnesium stearate. co-solvents, pH regulators, preservatives, disintegrating agents, colorants, 
flavourings and the like. 

30 Auxiliaries which modify the release pattern of the active substance from the matrix, such as auxiliaries which in 
themselves are inactive, for example lactose, can also advantageously be present. 

The active substance can be present in the matrix material in virtually any desired concentration. The chosen con- 
centration is largely determined by the intended use and the type of active substance. Thus, low concentration will suf- 
fice in many instances in case of enzymes. In general, the amount of active substance can make up, for example. 0.01 - 
35 80 % by weight of the composition, partly depending on the desired dosage. More particularly, the amount is between 
0.05 and 25 % by weight. Within this range, a release rate is obtained which is independent of the remaining amount of 
active substance, that is to say which has a zero order curve at least during the first part of the release period, example 
for 4 to 6 hours. This is also an unexpected aspect of the compositions according to the invention. 

The rate of release of the composition according to the invention can be adjusted by varying one or more of the 
40 following parameters: active substance concentration in the matrix material, dosage unit form, in particular the surface 
area/capacity ratio, force under which the composition has been pressed, concentration of the glucan-degrading agent, 
or presence of disintegration-retarding agents, such as a coating or an inert filler. 

The active substance can be of diverse natures. Examples are medicaments for oral, rectal, vaginal or transdermal 
administration, diagnostic agents, feedstuffs or conditioning agents, flavourings, manure or nutrients to be added to 
45 water or soil, preservatives, vaccine substances, hormones, genetic material, pesticides, attractants, growth promoters 
and the like. The active substances are also understood to comprise microorganisms, such as yeasts, moulds, bacteria 
and viruses and derivatives thereof. Mixtures of active substance can also be administered by means of the composi- 
tion according to the invention. Release can take place in an aqueous medium, such as the gastrointestinal tract of ani- 
mals, or in plants or in the soil. 

so The composition according to the invention is suitable, in particular, for the controlled release of substances of high 
molecular weight, such as more than 1 ,000 dalton, particularly more than 1.500 dalton, or even more than 5,000 dalton. 
and. in addition, substances which are poorly soluble in water. Examples thereof are proteins, such as enzymes, aller- 
gens, vaccine substances and oligosaccharides. 

The composition can also be provided with a coating which ensures provides further protection or further delay of 
the release or, for example, has a colouring or taste function. The composition can also be in the form of a capsule in 
which the matrix material containing active substance is present, for example in granular form or powder form. 

The composition according to the invention can be in any desired form, such as tablets, powders, granules, and 
implants. 

Tablets can be pressed directly after mixing the active substance with the crystalline glucan as matrix material and 



55 



3 



EP 0 648 115 B1 



any other auxiliaries. Preferably, however, the mixture is granulated before or after physical mixing of the active sub- 
stance and matrix material and is then tableted. 

As a result of the delayed release, the active substance can pass the acid conditions of, for example, the stomach, - 
before the substance is released to the human or animal intestinal system. 

5 

Exgmple I 

* "" 

A physical mixture of amylodextrin and a-amylase (Dexlo P®) was prepared in a round-bottomed flask by stirring 
for 20 minutes. The amylase concentration was 0.5 and 2.0 wt.%. A blank (without amylase) was also prepared. Tablets 
w having a weight of 300 mg, a diameter of 13 mm and a surface of 1 .3 cm 2 were pressed from the mixture using a press- 
ing force of 50 kN during 5 minutes. Erosion of the tablets was determined in an conical flask containing 50 ml of PBS 
(phosphate-buffered saline) of pH 7.0. After agitating at ambient temperature for 18 hours (150 rpm), the blank tablet 
was hardly eroded, the tablet containing 0.5 % of amylase was eroded for about 75 % and the tablet containing 2.0 % 
of amylase was completely eroded. 

75 

Example H 

A physical mixture of amylodextrin and enzymes (Dexlo P®) was prepared in a round-bottomed flask by stirring for 
20 minutes. Tablets having a weight of 300 mg. a diameter of 13 mm and a surface of 1 .3 cm 2 were pressed from the 
20 mixture using a pressing force of 100 kN during 10 minutes. 
The tablets of 300 mg had the following compositions: 

T1 amylodextrin + 6 mg of amylase (2 %) + 66 mg of cellulase (22 %); 
T2 amylodextrin + 6 mg of amylase (2 %) + 15 mg of xyianase (5 %); 
25 T3 amylodextrin + 6 mg of amylase (2 %) + 0.3 mg of glucose oxidase (0.1 %); 

as well as the following blanks: 

B1 amylodextrin + 66 mg of cellulase (22 %); 
30 B2 amylodextrin + 15 mg of xyianase (5%); 

B3 amylodextrin + 0.3 mg of glucose oxidase (0.1 %). 

Erosion of the tablets was determined in 20 ml of 0.1 mole/I PBS (phosphate-buffered saline) of pH 7.0, saturated with 
oxygen. The enzyme activity (tables 1 , 2 and 3) and the protein concentration (table 4) of 1 ml samples were determined 
35 at various intervals, using the following methods: 

Cellulase: substrate carboxymethylcellulose, reducing sugar, according to N. Nelson: A Photometric Adaptation of 
the Somogyi Method for the Determination of Glucose; J. BioL Chem. 103 375-380 (1944); 
Xyianase: substrate xylan, reducing sugar, according to Nelson-Somogyi (see above); 
40 Glucose oxidase: R.L Kelley and C.A. Reddy. Glucose Oxidase of Phanerochaete chrysosporium, from Methods 
in Enzymology V161, Biomass Part B, Academic Press. New York, 1988. 
Protein: BCA Protein Assay Kit (Pierce). 
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Table 1 



Reducing power (U) in cellulase as 
! tablets T1 -2 and B1 -2 


say of 


Time (h) 


T1 


B1 


T2 


B2 


0 


1.60 




0.40 




3 


43.0 


9.80 


13.7 


2.80 


5 


56.2 




20.0 




7 


65.0 




30.7 




22 


83.9 


>13.2 


55.2 


12.1 


- : not measured 



Table 2 



Reducing power (U) in xylanase assay of tablets 
T1-2andB1-2 


Time (h) 


T1 


B1 


T2 


B2 


0 


7.20 




1.66 




3 


174.2 


88.0 


24.4 


8.20 


5 


235.8 




48.9 




7 


254.1 




62.7 




22 


286.5 


158.7 


127.3 


29.3 ! 


- : not measured 



Table 3 



Glucose oxidase activity 
(U) of tablets T3 and B3 


Time (h) 


T3 


B3 


0 


0.00 




1 


1.42 




3 


3.40 


0.011 


5 


9.22 




7 


11.8 




22 




0.031 


- : not measured 
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Table 4 



Total amount of released protein form tablets T1 -2 and 
B1-2 


Time (h) 


T1 (mg) 


B1 (mg) 


T2(mg) 


B2(mg) 


0 


0.30 




0 




3 


25.9 


11.9 


1.39 


0 


5 


30.6 




4.45 




7 


36.1 




6.44 




22 


39.9 


21.1 


9.94 


3.78 


- : not measured 



20 Example III 

Tablets with 66 mg of cellulase and 15 mg of xylanase respectively were pressed at 100 kN/10 minutes following 
the procedure of Example II. The release pattern was determined in the manner mentioned in Example II: (a) directly 
at pH 7.0 and (b) at pH 7.0 after incubation for one hour at pH 2.0. The change of activity, measured from the reducing 
25 power, of the cellulase tablet is shown in table 5. and of the xylanase tablet in table 6. The tablets appear to be effec- 
tively acid-resistant 



Tables 



Comparison of the reducing power in cellulase and xylanase 
assays of cellulase tablet with and without acid treatment 


Time (h) 


cellulase assay 


xylanase assay 




pH2-»7 


pH7 


pH2->7 


pH7 


0 


0.34 


2.40 


3.40 


13.40 


1 


4.01 


8.10 


21.45 


44.37 


2 


16.79 


15.84 


64.11 


74.79 


3 


16.96 


17.54 


94.70 


97.06 


4 


20.64 


21.38 


108.00 


111.80 



45 



50 



55 



6 



EP 0 648 115 B1 



Table 6 



Comparison of the reducing power in xylanase and cellulase 
assays of xylanase tablet with and without acid treatment 


Time (h) 


xylanase assay 


cellulase assay 




pH2-»7 


pH7 


pH2-»7 


pH7 


0 


2.78 


4.60 


0 


0.64 


1 


4.32 


9.16 


0.61 


2.84 


2 


10.21 


19.96 


3.25 


7.54 


3 


23.69 


33.90 


9.87 


13.92 


4 


35.69 


51.20 


15.10 


18.97 



20 Example IV 

Tablets of 600 mg containing 1 mg of yeast cells (Saccharomyces cerevisiae, 10 7 cells per tablet) in amylodex- 
trin/a-amylase were pressed using a force of 5 kN during 20 sec. according to Example II. The tablets were given dif- 
- ferent pretreatments and were subsequently brought in an aqueous phosphate buffer having pH 7. At this pH, the 
25 tablets disintegrate after 1 hour, releasing the yeast cells. The viability was checked by counting the colony forming units 
(cfu). The results are summarised in table 7. 



Table 7 



run 


pretreatment 


treatment 
pH = 7 


cell number 
(cfu/ml) 




heat 


acid 






1 


pure yeast extract 


1h 


1.3*10 4 


2 


tablet without yeast 


1h 


<1 


3 


85°C/30s 




1h 


1. 8-2.6*1 0 4 


4 


85°C/60s 




1h 


1.0-1. no 4 


5 


85°C/60s 


pH=2/1h 


1h 


0.75*1 0 4 


6 




pH=2/1h 


1h 


0.86-1. 2*10 4 



Table 7 shows that the tablets prepared according to the invention are resistant to both heat and acid for some time; 
the acid treatment simulates a passage through the stomach. Disintegration of the tablet at neutral pH releases viable 
cells. 

Example V 

Preparation of amylose with a helical structure (metastable form): 
a) Starch fractionation: 

In 1 litre of water containing 22 ml of 2-methyl-1-butanol t 100 g of starch is dissolved at 160°C. For stabilisation of 
the starch 0.1 wt.% of sodium sulphite is added. After cooling the solution the crystalline amylose-methylbutanol com- 
plex precipitates. The precipitate is collected by certtrifugation and washed several times with a solution of 2-methyM- 
butanol in order to remove the amylopectin (being dissolved). The water in the complex is subsequently removed by 
washing the complex with ethanol en centrifugation (first time) or filtration. In this way the complex is converted to the 
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crystalline amylose-ethanol complex. The so-called metastable form (so-called because the amylose in this form is tem- 
porarily soluble in cold water) is obtained by removing the ethanol in vacuo (1 mm Hg) at 50°C in the presence of phos- 
phorus pentaoxide. _._ _ — 

5 b) Amylose fractionation: 

If amylose is chosen as raw material the washing steps needed to remove the amylopectin may be omitted. For the 
remainder, the procedure is similar as described above. 

It may be noted that many other complexing agents may be used instead of 2-methyM -butanol. However, the crrt- 
10 ical concentration of each complexing agent should be taken into account: with starch the critical concentration is used, 
and with amylose the critical or a higher concentration may be used. The critical concentration of a number of some 
complexing agents is summarised below (form J. Muetgeert. Advances in Carbohydrate Chemistry , Vol. 16, pp. 300- 
305 (1 961 )): complexing agent (critical concentration in g per 1 00 ml of water): 



15 
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1 -butanol (4.2) 


isopropyl ketone (0.6) 


amyl alcohol (1 .8) 


cyclohexanol (0.5) 


1-hexanol(0.3) 


phenol (2.5) 


2-octanol (0.04) 


quinoline (0.6) 


chloral hydrate (5-8) 


butyric acid (11) 



Similar tablets as those illustrated in Examples l-IV can be prepared using helical amylose instead of amylodextrin; 
similar results are obtained. 
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1 Composition for delayed release of an active substance, the active substance being incorporated in a polysaccha- 
ride matrix, characterised in that the matrix material comprises at least 35 % by weight of a crystalline straight- 
chain a-glucan having essentially a helix structure, and a glucan-degrading agent, and the active substance is 
present in an amount of 0.01-80 % by weight. 

2. Composition according to Claim 1 , in which the matrix material comprises amylodextrin or a fraction obtained from 
amylose which has a helix structure. 

3. Composition according to Claim 1 or 2. in which the glucan-degrading agent is ct-amylase. 

4. Composition according to one of Claims 1 -3. which contains 0.05-1 5 % by weight of the glucan-degrading agent. 

5. Composition according to one of Claims 1 -4. in which the active substance is present in an amount of 0.05-25 % 
by weight. 

6. Composition according to one of Claims 1-5. in which the active substance has a molecular weight of more than 
1 .500 dalton. 

7. Composition according to one of Claims 1 -6. in which the active substance is a protein or a microorganism. 

8 Method for the preparation of a composition according to one of the preceding claims, characterised in that an 
essentially straight-chain a^lucan is granulated and mixed, before or after granulating, with an active substance 
and the glucan-degrading agent, and the granulated mixture is brought into the desired form. 

55 Patentanspruche 

1. Zusammensetzung fur die verzOgerte Freisetzung eines Wirkstoffs. wobei der Wirkstoff in eine Polysaccharidma- 
trix eingebaut ist, dadurch gekennzeichnet, daB das Matrixmaterial mindestens 35 Gew.-% eines knstallmen 
geradkettigen a-Glukans mit im Wesentlichen einer Helixstruktur und ein glukanabbauendes Agenz enthait und 
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der Wirkstoff in einer Menge von 0,01 bis 80 Gew.-% vorliegt 

2. Zusammensetzung nach Anspruch 1 , in der das Matrixmaterial Amylodextrin oder eine Fraktion, erhalten von Amy- 
lose, die eine Helixstruktur besitzt. enthait 

3. Zusammensetzung nach Anspruch 1 Oder 2, in der das glukanabbauende Agenz eine a-Amylase ist. 

4. Zusammensetzung nach einem der AnsprQche 1 bis 3, die 0,05 bis 15 Gew.-% des glukanabbauenden Agenzes 
enthatt. 



5. Zusammensetzung nach einem der AnsprQche 1 bis 4, in der der Wirkstoff in einer Menge von 0,05 bis 25 Gew.- 
% vorliegt 



6, Zusammensetzung nach einem der AnsprQche 1 bis 5, in der der Wirkstoff ein Molekulargewicht von mehr als 1 500 
Dalton besitzt. 



7. Zusammensetzung nach einem der AnsprQche 1 bis 6. in der der Wirkstoff ein Protein oder ein Mikroorganismus 
darstellt 

8. Verfahren zur Herstellung einer Zusammensetzung nach einem der vorhergehenden AnsprQche, dadurch gekenn- 
zeichnet, daB ein im wesentlichen geradkettiges Glukan granuliert und vor oder nach dem Granulieren gemischt 
wird mit einem Wirkstoff und dem glukanabbauenden Agenz, und die granulierte Mischung wird in die gewunschte 
Form gebracht. 

Revendications 

1. Composition pour la liberation retardee d'une substance active, la substance active etant incorporee dans une 
matrice k base de polysaccharide, caracteris^e en ce que ie materiau de matrice comprend au moins 35 % en 
poids d'un a-glucane cristallin k chaine lineaire, ayant essentiellement une structure helicoidale. et un agent de 
degradation des glucanes. et la substance active est presente en une proportion de 0,01 k 80 % en poids. 

2. Composition selon la revendication 1 , dans laquelle le materiau de matrice comprend de I'amylodextrine ou une 
fraction obtenue k partir d'amylose qui presente une structure helicoidale. 

3- Composition selon la revendication 1 ou 2, dans laquelle I'agent de degradation des glucanes est de I'a-amylase. 

4. Composition selon Tune quelconque des revendications 1 k 3. qui contient de 0,05 k 15 % en poids de I'agent de 
degradation des glucanes. 

5. Composition selon Tune quelconque des revendications 1 k 4, dans laquelle la substance active est presente en 
une proportion de 0,05 k 25 % en poids. 

6. Composition selon Tune quelconque des revendications 1 k 5, dans laquelle la substance active presente une 
masse moieculaire superi eure k 1 500 daltons. 

7. Composition selon Pune quelconque des revendications 1 k 6, dans laquelle la substance active est une proteine 
ou un micro-organisme. 

8. Procede de preparation d'une composition selon Tune quelconque des revendications precedentes, caracterise par 
le fait qu'il comprend les etapes consistant k granuler un a-glucane k chaine essentiellement lineaire et k le meian- 
ger, avant ou apres granulation, avec une substance active et un agent de degradation des glucanes, et k mettre 
le melange granule sous la forme voulue. 
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